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PLAIN LANGUAGE SUMMARY
Tumor necrosis factor inhibitors (TNFis) are effective for improving disease outcomes in patients with ankylosing spondylitis (AS). However, up to 30% of patients may discontinue or switch TNFis within the first year of treatment due to lack of treatment effect or side effects. As biologics with new mechanisms of action become available for the treatment of AS, it is important to better understand the characteristics of patients who discontinue or have an inadequate response to TNFis to help inform treatment choices regarding initiating or switching to a biologic therapy.
This study compared demographic and clinical characteristics of patients with AS who discontinued vs continued a TNFi by their second follow-up visit in the US-based Corrona Psoriatic Arthritis and Spondyloarthritis (PsA/SpA) Registry. Approximately one-quarter of patients discontinued their TNFi by the second followup visit; the most commonly reported reasons for discontinuation were lack of effect and side effects. Patients who discontinued their TNFi were older, were more likely to be obese, and had higher disease activity than those who continued their TNFi. These results may help inform treatment decisions regarding initiating or switching to a TNFi in patients with active AS in US clinical practice. Additional studies are needed to evaluate the characteristics of patients who respond to TNFis compared with those who have an inadequate response.
INTRODUCTION
Ankylosing spondylitis (AS) is a chronic, immune-mediated rheumatic disease that may cause destruction and fusion of the spinal vertebrae and is defined by structural changes on radiographs in the sacroiliac joints [1] . Current estimates indicate that AS affects 0.20-0.55% of the general population in the United States [2, 3] . AS occurs more frequently in male patients than in female patients, with disease onset typically occurring in the late teens through 40 years of age [4] . AS is a systemic disorder that can affect the axial skeleton, peripheral joints, entheses, eyes, skin, intestine, and cardiovascular system [1, 4, 5] . Patients with AS may suffer from extra-articular manifestations such as uveitis, inflammatory bowel disease, and psoriasis, and have an increased risk of comorbidities, including hypertension, hyperlipidemia, diabetes, peptic ulcers, headaches, depression, cancer, osteoporosis, and other cardiovascular, pulmonary, renal, and neurological complications, compared with the general population [6] [7] [8] [9] [10] .
The goals of treatment in patients with AS are to reduce symptoms of pain, stiffness, and fatigue; maintain spinal flexibility and normal posture; reduce functional limitations; maintain work productivity; and decrease complications of the disease [11, 12] . Current treatment guidelines recommend nonsteroidal anti-inflammatory drugs (NSAIDs) as first-line therapy in patients with active AS [11, 12] . In patients with active AS despite NSAID treatment, use of a biologic is recommended; current practice suggests use of a tumor necrosis factor inhibitor (TNFi) as the first biologic [11, 12] . Currently, there are five TNFis approved for the treatment of AS in the United States: adalimumab, certolizumab pegol, etanercept, golimumab, and infliximab [11] .
The effectiveness of TNFis in improving clinical and patient-reported outcomes (PROs) in patients with AS has been demonstrated in randomized controlled trials [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Results from several real-world observational studies support the effectiveness of TNFis in the treatment of AS in routine clinical practice [26] [27] [28] [29] [30] . However, prior studies found that approximately 30% of patients discontinued or switched TNFis within the first year of treatment due to lack of treatment effect or adverse events [31, 32] . Ineffective management and treatment of AS can lead to continued structural progression resulting in loss of spinal mobility, chronic pain and fatigue, and functional disability, causing decreased quality of life and work productivity [33] . Patients may also discontinue or switch TNFis for nonmedical reasons, such as economic factors (e.g., cost of TNFi, loss or change in insurance or job) or patient preference [34] . Some evidence suggests that the efficacy of a subsequent TNFi may decrease compared with that of the initial TNFi in patients who switch TNFis due to an inadequate response [35] [36] [37] . As biologics with alternative mechanisms of action become available for the treatment of AS, it is important to better understand the characteristics of patients who discontinue or have an inadequate response to TNFis to help inform treatment choices regarding initiating or switching to a biologic therapy.
Few real-world studies have evaluated the persistency of TNFi use in patients with AS, and most prior studies have been conducted outside the United States. Limited data are available regarding the demographic and clinical characteristics of patients with AS who discontinue TNFi therapy compared with those who continue TNFi therapy in real-world clinical settings in the United States. The objective of this study was to compare patient characteristics in patients with AS who discontinued vs. continued a TNFi therapy by their second follow-up visit in the US-based Corrona Psoriatic Arthritis and Spondyloarthritis (PsA/SpA) Registry.
METHODS

Study Population
The Corrona PsA/SpA Registry is a large, independent, prospective, observational cohort of patients diagnosed with PsA or SpA by a rheumatologist. The registry includes patients recruited by 40 [38] according to the treating rheumatologist, were receiving or had initiated a TNFi (index therapy) at registry enrollment (baseline), and had C 2 follow-up visits. Patients were assigned to a cohort based on discontinued or continued use of their index TNFi by the second follow-up visit (at approximately 18 months). Patients in the ''continued'' cohort were those who were still on their index TNFi at the second follow-up visit. Patients in the ''discontinued'' cohort were those who switched from their index TNFi to a different TNFi or discontinued their index TNFi without switching by the second follow-up visit.
All participating investigators were required to obtain full board approval for conducting noninterventional research involving human participants with a limited data set. The Corrona PsA/SpA Registry and its investigators have been reviewed and approved by a central institutional review board (IRB; New England Independent Review Board, NEIRB No. 120160070). For academic investigative sites that did not receive a waiver to use the central IRB, full board approval was obtained from the respective governing IRBs. All research was conducted in compliance with the Declaration of Helsinki of 1964 and all later amendments. All registry participants were required to provide written informed consent and authorization prior to participating.
Study Assessments
Data were collected using questionnaires from patients and their treating rheumatologists at office visits. Data collected at baseline included demographics (age, sex, race, and body mass index), clinical characteristics (symptom duration, human leukocyte antigen B27 positivity, family history of SpA, history of comorbidities, and prior medication use Provider-reported reasons for discontinuation or switch of the index TNFi were collected for patients in the discontinued cohort. Potential reasons for discontinuation or switch included lack of effect (inadequate response or failure to maintain response), side effects (serious or minor or fear of side effects), doing well (remission or similar events), social reasons (cost, patient preference, or frequency of administration), and other.
Statistical Analysis
Categorical variables were summarized using frequency counts and percentages. Continuous variables were summarized using the number of observations, mean, and standard deviation. Reasons for discontinuation or switch of the index TNFi were summarized descriptively. Baseline demographics, clinical characteristics, and PRO scores were compared between the discontinued and continued cohorts using v 2 tests or Fisher's exact test for categorical variables and t tests for continuous variables. All statistical analyses were performed using Stata version 14 (StataCorp LLC).
RESULTS
Of 353 patients with AS enrolled in the Corrona
PsA/SpA Registry during the study period, 155 were receiving (n = 134) or had initiated (n = 21) a TNFi at enrollment and had C 2 follow-up visits and were included in the analyses ( Fig. 1) . Overall, most patients were male (73.5%) and white (94.0%), with a mean (SD) time from symptom onset of 18.5 (12.5) years (Table 1) . The majority of patients had prior biologic use (90.3%).
The mean (SD) time to the second follow-up visit was 17.8 (7. a All values were calculated based on available data and are presented as ' 'mean (SD)' ' unless otherwise stated. All variables had \ 20% missing data except for ASDAS (n = 100), CRP (n = 109), and ESR (n = 99) AS ankylosing spondylitis, ASDAS Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, CRP C-reactive protein, ESR erythrocyte sedimentation rate, SPARCC Spondyloarthritis Research Consortium of Canada, TNFi tumor necrosis factor inhibitor P \ 0.001) at baseline than patients who continued their index TNFi (Table 1) . History of comorbidities and prior and current medication use were comparable between the discontinued and continued cohorts (Table 1) . Baseline clinical characteristics (Table 2 ) and PRO scores (Table 3) 
months).
The most common provider-reported reasons for discontinuation were lack of efficacy, side effects, and other. Patients who discontinued their TNFi were older, were more likely to be obese, and had higher baseline disease activity than those who continued their TNFi. Previous observational studies of TNFi discontinuation or switching conducted outside the United States have reported TNFi discontinuation rates of 22-53% over 1 to 2 years of follow-up among patients with AS [31, [39] [40] [41] [42] [43] . The most common provider-reported reasons for discontinuation or switch of a TNFi across studies were lack or loss of efficacy and adverse events [31, [39] [40] [41] [42] [43] . In our study, 24% of patients discontinued or switched their index TNFi over a mean of approximately 18 months of followup. In agreement with previous studies, the most common provider-reported reasons for discontinuation or switching were lack of efficacy and side effects.
Patient factors associated with TNFi discontinuation or switching vary between studies. Several studies have identified female sex as a predictor of TNFi discontinuation and switching [31, 39, 40, [43] [44] [45] [46] [47] [48] [49] . In a study of patients with rheumatoid arthritis, psoriatic arthritis, and AS who initiated a TNFi in the NOR-DMARD registry, additional predictors of TNFi discontinuation included higher baseline disease activity as measured by the investigator's global assessment and use of TNFi without a conventional synthetic disease-modifying antirheumatic drug (csDMARD) [40] . An analysis of TNFi-naive patients with AS who initiated a TNFi in the DANBIO registry showed that CRP \ 14 mg/l and higher fatigue scores were associated with shorter time to TNFi discontinuation [42] . In the Groningen Leeuwarden Ankylosing Spondylitis (GLAS) study, a prospective longitudinal observational study of patients with AS initiating a first TNFi, factors found to be associated with TNFi discontinuation included absence of peripheral arthritis, higher baseline BASDAI score, and lower ESR or CRP level [31] . A prospective, observational study of TNFi-naive patients with AS who initiated a TNFi in the South Swedish Arthritis Treatment Group Register also identified absence of peripheral arthritis as a significant predictor of TNFi discontinuation and showed a trend toward greater likelihood of TNFi discontinuation in patients with lower CRP levels and use of TNFi without a csDMARD; however, no association was found between disease activity measures including BASDAI, BASFI, and investigator's global assessment and the likelihood of TNFi discontinuation [43] . With respect to switching, previous studies have identified older age, higher disease activity, greater symptom burden, higher ESR, complete ankylosis, and presence of enthesitis as predictors of TNFi switching [39, [44] [45] [46] [47] [48] [49] .
In our US-based study, patients with AS who discontinued or switched their index TNFi were older and had higher baseline BASDAI, BASFI, pain, and fatigue scores than those who continued their TNFi. In our study cohort, patients who discontinued or switched their index TNFi were also more likely to be obese and reported greater work productivity and activity impairment than those who continued their TNFi. In contrast with previous studies, the proportion of patients who were female, the proportion of patients who were receiving a TNFi with a csDMARD, ESR, and CRP levels were comparable between patients who discontinued vs. continued their index TNFi. The variation in patient factors that are predictive of TNFi discontinuation may be influenced by demographics, treatment history, and choice of TNFi among patients included in a specific study population.
Limited data are available regarding TNFi discontinuation in patients with AS seen in clinical practice in the United States. Prior studies using US healthcare claims data have evaluated persistency, treatment patterns, healthcare resource utilization, and healthcareassociated costs of biologic treatment in patients with rheumatoid arthritis, psoriasis, psoriatic arthritis, and AS; these studies found overall biologic discontinuation rates of 11-35% [32, 34, [50] [51] [52] . However, this is the first study to compare baseline characteristics between US patients with AS who discontinued their TNFi and those who continued their TNFi, presenting important insights into the characteristics of patients who discontinue TNFis and the reasons for TNFi discontinuation in routine clinical practice in the United States.
A general limitation of observational studies is the concern that patients enrolled in registries may not be representative of patients seen elsewhere in general practice. Patients in this study are routinely seen and treated by rheumatologists voluntarily participating in the Corrona PsA/SpA Registry; these patients may not be representative of all patients with AS in the United States, many of whom are not being treated by a rheumatologist. The small sample size necessitated the pooling of TNFis for analysis; therefore, no conclusions can be drawn regarding the persistency of specific TNFi agents among patients with AS. Finally, only about half of the patients (18 of 37) who discontinued their index TNFi had provider-reported reasons for discontinuing or switching, providing limited information on the reasons for TNFi discontinuation in this study population.
CONCLUSIONS
This real-world study provides insight into the demographic and clinical characteristics of US patients with AS who discontinue vs. continue TNFi therapy in routine clinical practice. Approximately one-quarter of patients discontinued their TNFi by the second follow-up visit; the most common provider-reported reasons for discontinuation were lack of effect and side effects. Patients who discontinued their TNFi were older, were more likely to be obese, and had higher disease activity than those who continued their TNFi. This study helps to address a knowledge gap by contributing information on the characteristics of patients who discontinue TNFis and the reasons for TNFi discontinuation in the United States. These results may help inform treatment decisions regarding initiating or switching to a TNFi in patients with active AS in US clinical practice. Additional studies are needed to evaluate the characteristics of patients who respond to TNFis compared with those who have an inadequate response.
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